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DESCRIPTION 



METHOD OF PRODUCING GLASS PARTICLE DEPOSITED BODY 



5 Related Application 

This application is a national phase of PCT/JP2005/001906 filed on 
February 9, 2005, which claims priority from Japanese Application No. 
2004-034899 filed on February 12, 2004 disclosures of which Applications are 
incorporated by reference herein. The benefit of the filing and priority dates 
10 of the International and Japanese Applications is respectfully requested. 



Technical Field 

[0001] The present invention relates to a method of producing a 
glass-particle-deposited body. 

15 

Background Art 

[0002] The types of the method of producing a glass-particle-deposited body 
include an outside vapor deposition method (OVD method). In the OVD 
method, a burner is supplied with a glass- material gas, a combustible gas, a 
20 combustion-assisting gas, and an inert gas, glass particles are synthesized by 
a flame hydrolysis reaction or an oxidation reaction in a flame ejected from the 
burner, and the glass particles are deposited on a starting rod member (start- 
ing member) having superior corrosion and heat resistance to form a 
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glass-particle-deposited body. 

The types of the material for the starting member include glass, carbon, and 
alumina, for example. In addition, a starting member is also known that is 
composed of an eminently heat-resistive material having a heat- and corro- 
5 sion-resistive coating. In the production of an optical fiber preform, a glass 
rod to become a part of the product, including the core, is sometimes used as 
the starting member. 

[0003] In recent years, another OVD method has also been employed in 
which, in place of the glass-material gas, the glass particles themselves are fed 

10 to the burner so that the glass particles are ejected from the burner together 
with the flame to be deposited on the starting member. The two types of feed- 
ing methods may also be combined to carry out this process. 
[0004] To improve the production speed of a glass-particle-deposited body 
in the OVD method, a method using a plurality of burners is known. This 

15 method is known as "a multiburner OVD method." Figure 5 is a conceptual 
diagram showing the multiburner OVD method. In Fig. 5, the numeral "1" 
indicates a starting member, and "2" indicates a glass-particle-deposited body 
being formed by the deposition of glass particles on the starting member 1. 
Burners A to C constitute a burner row. In Fig. 5, the movement of the 

20 burner row from above downward is referred to as the forward movement, and 
the movement from below upward as the backward movement. In the mul- 
tiburner OVD method, the glass-particle-deposited body 2 is produced by 
ejecting a flame including glass particles from the burner toward the starting 
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member 1 while the burner row and the starting member 1 are being moved 
reciprocatively relative to each other. To perform the relative reciprocating 
movement, either the burner or the starting member 1 may be moved. 
[0005] The burner row starts its downward movement at a position where 
5 the position of the uppermost burner A in the burner row faces the uppermost 
position qO in the glass-particle deposition range on the starting member 1. 
It reverses its moving direction at a position where the position of the lower- 
most burner C in the burner row faces the lowermost position qll in the 
glass-particle deposition range and moves upward to return to the original po- 

10 sition. The burner row repeats this cycle of movement. Consequently, the 
individual burners perform the relative reciprocating movement in their re- 
spective predetermined ranges on the glass-particle -deposited body 2. More 
specifically, the burner A moves between the positions qO and q9, the burner B 
between the positions ql and qlO, and the burner C between the positions q2 

15 and qll. 

[0006] The column in the right-hand side of Fig. 5 shows the number of 
layers of the glass particles deposited on the starting member 1 when the 
burner row performs one reciprocation. When one burner passes once, one 
glass-particle-deposited layer is formed. Consequently, when one burner per- 
20 forms one reciprocation, two layers are formed. Therefore, the number of 
glass-particle-deposited layers produced by one reciprocation of the burner row 
becomes a constant value of six between the positions q2 and q9. The region 
in which the number of deposited layers becomes a constant value, such as de- 
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scribed above, is referred to as a steady portion. In the end portions of the 
glass-particle-deposited body 2, which are the portions between the positions 
qO and q2 and between the positions q9 and qll, the number of deposited lay- 
ers decreases as the position approaches the end, and a tapered shape is 
5 formed. The region in which the number of deposited layers varies with the 
position, such as described above, is referred to as an unsteady portion. In 
the multiburner OVD method, the moving distance of the burner row relative 
to the starting member 1 is longer than the length of the steady portion. 
[0007] In addition, "the divisionally synthesizing OVD method" is also 

10 known in which glass particles are deposited by using a plurality of burners 
placed at equally spaced intervals to constitute a burner row having a length 
corresponding to nearly the total length of the starting member. Figure 1 is a 
conceptual diagram showing the divisionally synthesizing OVD method. In 
Fig. 1, the numeral "1" indicates a starting member, "2" a 

15 glass-particle-deposited body, and "3" burners (burners A to D). The burners 
A to D are placed at nearly equally spaced intervals to constitute a burner row 
4. The glass-particle-deposited body 2 is produced through the following 
concurrent operations* the starting member 1 is rotated around its own center 
axis, the burner row 4 is moved reciprocatively along the length of the starting 

20 member 1, and each of the burners 3 ejects a flame 5 including glass particles 
6 toward the starting member 1. In the divisionally synthesizing OVD 
method, the amplitude of the relative reciprocating movement between the 
starting member 1 and the burner row 4 is shortened, and the predetermined 
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deposition segments on the starting member 1 are allocated to the individual 
burners 3. 

[0008] Figure 1 shows the case where the burner row 4 is moved relative to 
the starting member 1. Nevertheless, the starting member 1 may be moved 
5 relative to the burner row 4. Furthermore, the two members may also be 
moved relative to each other. In addition, Fig. 1 shows the case where the 
starting member 1 is held vertically, and accordingly the burner row 4 moves 
up or down. Nevertheless, the combination of the starting member 1 and the 
burner row 4 may be positioned at any orientation including the horizontal one 

10 to be moved reciprocatively. 

[0009] In the divisionally synthesizing OVD method in early stages, the 
burner row 4 was simply moved reciprocatively over nearly the same distance 
as that of the burner interval. Thus, the deposition segments having a length 
corresponding to the burner interval on the glass-particle-deposited body 2 

15 were allocated to the individual burners 3. In this case, the reversing posi- 
tion of the reciprocating movement of the burners 3 allows the accumulation of 
the influence of the increase in the deposition time due to the speed reduction 
of the burners 3 and the temperature rise at the deposition surface. As a re- 
sult, variations in the diameter of the glass-particle-deposited body 2 tend to 

20 occur. 

[00 10] In order to decrease the diameter variation at the reversing position 
of the reciprocating movement in the divisionally synthesizing OVD method, 
"a zigzag method" has been proposed in the published Japanese patent appli- 
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cations Tokukaihei 3*228845 and Tokukaihei 4-260618. In "the zigzag 
method," the range of the reciprocating movement of the burner row is prede- 
termined to be an integral multiple of the burner interval. In addition, the 
moving distance in the reciprocating movement of the burner row is designed 
5 to be slightly different between the forward and backward movements. The 
reversing position of the reciprocating movement of the burner row moves suc- 
cessively from the position at the time of the beginning of the synthesizing and 
returns to the position at the time of the beginning of the synthesizing. This 
period is referred to as "one set." The "set" is repeated twice or more. In the 

10 zigzag method, the reversing position of the reciprocating movement of the 
burner row is distributed over the starting member. Therefore, the factor 
causing the diameter variation at the reversing position can be distributed 
over the entire glass-particle-deposited body. As a result, the diameter varia- 
tion in the glass-particle-deposited body is suppressed. 

15 [00 11] In addition, in the case where the reversing position of the recipro- 
cating movement is fixed in the divisionally synthesizing OVD method, in or- 
der to decrease the diameter variation at the reversing position, "a condi- 
tion-adjusting method" has been proposed in the published Japanese patent 
application Tokuhyou 2001*504426. In "the condition- adjusting method," 

20 while the burner row is simply moved reciprocatively over the same distance 
as that of the burner interval, the deposition condition is adjusted at the re- 
versing position to decrease the diameter variation. This adjustment of the 
deposition condition specific to the reversing position in the reciprocating 
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movement of the burner row is referred to as "the condition adjustment at the 
reversing position" in order to distinguish it from the below-described altera- 
tion of the deposition condition associated with the growth of the 
glass-particle-deposited body. Hereinafter in the present specification, the 
term "the OVD method" includes the multiburner OVD method and the divi- 
sionally synthesizing OVD method (the zigzag method and the condi- 
tion-adjusting method). 

[0012] In the OVD method, alteration of the deposition condition other 
than "the condition alteration at the reversing position" is also performed. 
More specifically, as the diameter and surface area of the 
glass-particle-deposited body increase, the following alterations are performed- 

(1) The distance between the starting member and the burner is 
widened to prevent the burner from making contact with the 
glass-particle-deposited body. 

(2) The amount of the glass material or glass particles to be fed to 
the burner is increased to increase the synthesizing rate of the glass particles. 

(3) The moving speed of the burner, the amount of the gas dis- 
charged from the reaction container for synthesizing the 
glass-particle-deposited body, and the flow rate of the combustible gas, com- 
bustion-assisting gas, and inert gas all to be fed to the burner are adjusted to 
suppress the cracking of the growing glass-particle-deposited body. 

(4) The flow rate of the gas blown on the glass-particle-deposited 
body is adjusted to adjust the amount of the glass particles being deposited on 
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the starting member. 

Hereinafter, the foregoing items (l) to (4) are integrated into the expression 
"the alteration of the deposition condition associated with the growth of the 
glass-particle-deposited body," which is shortened to "the alteration of the 
5 deposition condition." 

[0013] If any of the alteration of the deposition condition from (l) to (4) above 
is performed during the production process, in particular, in the cases where 
the relative position between the burner and the starting member is fixed at 
the time of the alteration of the deposition condition and where the alteration 
10 is performed significantly at a time, the alteration may cause variations in the 
diameter of the glass-particle-deposited body and variations in optical proper- 
ties of the glass preform obtained by consolidating the glass-particle -deposited 
body 

[0014] In the multiburner OVD method, the alteration of the deposition 
15 condition is generally performed when the burner row is positioned at the re- 
versing position of the reciprocating movement, i.e., by referring to Fig. 5, 
when the burner A is positioned at the position qO (the burner B at the position 
ql and the burner C at the position q2) and when the burner A is positioned at 
the position q9 (the burner B at the position qlO and the burner C at the posi" 
20 tion qll). This procedure enables the production of an excellent-quality 
glass-particle-deposited body 2 having small variations in the diameter at the 
portion other than the unsteady portion and bulk density. For example, the 
published Japanese patent application Tokukai 2000-44276 has stated that it 
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is not desirable to alter the gas flow rate while the burner is positioned at the 
steady portion of the glass-particle-deposited body because the 
glass-particle-deposited body may include gas bubbles and other imperfections. 
[0015] In this method, however, when the alteration of the deposition con- 
5 dition is performed, either the burner C is positioned at the position q2 or the 
burner A is positioned at the position q9 as a matter of course. This condition 
concentrates the influence of the alteration of the deposition condition at the 
boundary portions between the steady portion and unsteady portion of the 
glass-particle-deposited body 2 (the positions q2 and q9). As a result, the 
10 diameter variation and the like due to the alteration of the deposition condi- 
tion tend to spread toward the steady portion from the positions q2 and q9. 
This tends to shorten the uniform-diameter portion of the 
glass-particle-deposited body 2, reducing the product yield and hampering the 
productivity. 

15 [0016] In the divisionally synthesizing OVD method, all burners except the 
burners at the ends of the burner row are positioned at the steady portion at 
all times. Therefore, it is impossible to implement the method in which the 
alteration of the deposition condition is performed only when the burner is po- 
sitioned at the unsteady portion. In particular, in the zigzag method, the al- 

20 teration of the deposition condition is performed at the end of "the set." In 
this case, the alteration of the deposition condition is performed invariably at 
the position where the burner row is positioned at which the synthesizing is 
started. Therefore, the disturbance in the deposition of glass particles due to 
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the alteration of the deposition condition is concentrated at specific positions of 
the glass-particle-deposited body. Consequently, the specific positions suffer 
variations in the diameter and disturbances in the optical property in many 
cases. This undesirable circumstance has required to establish a method of 
5 producing a glass-particle-deposited body having a small diameter variation 
and excellent quality. In the above -described published Japanese patent ap- 
plication Tokukaihei 4*260618, no description has been given on the alteration 
of the deposition condition. 

Patent literature 1- the Japanese patent application Laid open No. 
10 Hei 3-228845 

Patent literature 2' the Japanese patent application Laid open No. 
Hei 4-260618 

Patent literature 3^ the Japanese patent application Laid open No. 

2000- 44276 

15 Patent literature 4- the Japanese patent application Laid open No. 

2001- 504426 

Disclosure of the Invention 
(Problem to be solved by the invention) 
20 [0017] An object of the present invention is to offer a method of producing a 
glass-particle-deposited body having a longitudinally uniform shape with a 
small diameter variation. 
(Means for solving the problem) 
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[0018] To attain the foregoing object, the present invention offers a method 
of producing a glass-particle-deposited body by performing the following con- 
current operations : causing a burner row comprising a plurality of burners to 
perform reciprocating movement relative to a starting member, causing each of 
5 the burners to form a flame including glass particles, and causing the glass 
particles to be deposited on the starting member. In this method, the condi- 
tion for the deposition is altered at least twice during the course of the deposi- 
tion process such that the interval between adjacent burner positions among 
the burner positions at which the deposition condition is altered is shorter 

10 than the interval between adjacent burners. In the above description, "the 
alteration of the deposition condition" means the alteration of the condition 
performed in response to the growth of the glass-particle-deposited body and 
does not include the alteration of the condition performed to respond to the 
speed reduction of the burner to be conducted at the turning points in the re- 

15 ciprocating movement of the burner. 

[0019] It is desirable that the deposition condition to be altered be at least 
one member selected from the group consisting of the flow rate of the combus- 
tible gas, the flow rate of the combustion-assisting gas, and the flow rate of the 
glass material all to be fed to the burner, more desirably the flow rate of the 

20 combustible gas. Each of the burners may perform reciprocating movement 
relative to the starting member within the range of a part allocated to each of 
the burners in the region for depositing glass particles on the starting member. 
Each of the burners may also perform reciprocating movement relative to the 
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starting member between two specific positions predetermined to each of the 
burners with respect to the starting member. In addition, the deposition con- 
dition may be altered when the burners are positioned between turning points 
in the reciprocating movement. 
5 (Effect of the invention) 

[0020] A glass-particle-deposited body that has a small diameter variation 
can be obtained. 

Brief Description of the Drawing 

10 [0021] Figure 1 is a conceptual diagram showing the divisionally synthe- 
sizing OVD method, which is one form of the OVD method. 

Figures 2(a) and 2(b) are conceptual diagrams showing a first em- 
bodiment of a method of producing a glass-particle-deposited body of the pre- 
sent invention, in which Fig. 2(a) shows a moving pattern of the burner and 

15 the number of glass-particle layers at individual positions of the 
glass-particle-deposited body and Fig. 2(b) shows the alteration of the deposi- 
tion condition. 

Figures 3(a) and 3(b) are conceptual diagrams showing a third em- 
bodiment of a method of producing a glass-particle-deposited body of the pre- 
20 sent invention, in which Fig. 3(a) shows a moving pattern of the burner and 
the number of glass-particle layers at individual positions of the 
glass-particle-deposited body and Fig. 3(b) shows the alteration of the deposi- 
tion condition. 
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Figure 4 is a conceptual diagram showing a fourth embodiment of a 
method of producing a glass-particle-deposited body of the present invention. 
Figure 5 is a conceptual diagram showing a multiburner OVD method. 

5 (Explanation of the sign) 

[0022] l: Starting member 

2- Glass-particle-deposited body 

3- Burner 

4'. Burner row 
10 5: Flame 

6- Glass particles 

Best Mode for Carrying out the Invention 

[0023] Embodiments of the present invention are explained below by refer* 
15 ring to the accompanying drawing. The drawing is intended to explain the 
invention, not to limit the scope of the claims. To avoid duplicated explana- 
tions, in the drawing, the same reference signs refer to similar elements. The 
ratio of dimensions in the drawing does not necessarily coincide with that of 
actual dimensions. 
20 [0024] (First embodiment) 

Figures 2(a) and 2(b) are conceptual diagrams showing a first em- 
bodiment of a method of producing a glass-particle-deposited body of the pre- 
sent invention. Figure 2(a) shows a moving pattern of the burner and the 
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number of glass-particle layers at individual positions of the 
glass-particle-deposited body, and Fig. 2(b) shows the alteration of the deposi- 
tion condition. The first embodiment is an example in which a method of 
producing a glass-particle-deposited body of the present invention is applied to 
5 "the zigzag method" of the divisionally synthesizing OVD method. In this 
case, each of the multiple burners moves reciprocatively relative to the start- 
ing member within the range of a part of the region of the starting member to 
which the glass particles are deposited. The glass-particle-deposited body is 
produced with the structure shown in Fig. 1, in which the burners are placed 
10 at intervals of 200 mm. Hereinafter, in Fig. 2(a), the movement of the burner 
row from above downward is referred to as the forward movement, and the 
movement from below upward as the backward movement. 

[0025] In Fig. 2(a), the horizontal lines at positions pO to tlO correspond to 
the individual longitudinal positions of the starting member 1 and the 

15 glass-particle-deposited body 2. For example, the horizontal lines at the posi- 
tions pO and tlO represent the upper-end and lower-end positions of the 
glass-particle-deposited body 2, respectively. In addition, in Fig. 2(a), arrows 
al to a40 and the like show the way the burners move. For example, the ar- 
row al shows that the burner A moves from the position pO to the position plO 

20 (position qO) on the starting member 1. The number of glass -particle layers is 
shown by the numerical values in the column under the heading "Number of 
layers." 

[0026] The moving pattern of the burner row shown in Fig. 2(a) is ex- 
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plained below in detail. In Fig. 2(a), the burner A, whose starting position is 
the position pO, moves 200 mm downward (arrow al) to the position plO (posi- 
tion qO), which is the starting position of the burner B. Then, the burner A 
turns around to move 180 mm upward (arrow a2) to the position pi. It turns 
5 around at the position pi to move 200 mm downward (arrow a3) to the posi- 
tion ql. It turns around there to move 180 mm upward (arrow a4) to the po- 
sition p2. Subsequently, the burner A repeats the returning movement hav- 
ing a forward moving distance of 200 mm and a backward moving distance of 
180 mm as shown by arrows a5 to a21 in Fig. 2(a). Thus, the reversing posi- 
10 tions of the reciprocating movement of the burner A are shifted to the positions 
plO andqlO. 

[0027] Next, the amount of the movement is changed to the forward mov- 
ing distance of 200 mm and the backward moving distance of 220 mm. The 
burner row performs the reciprocating movement along arrows a22 to a40. 

15 Accordingly, the reversing positions of the reciprocating movement shift in the 
backward direction by 20 mm in every reciprocation and finally returns to the 
positions pO and qO. The burners B to D move together with the burner A as 
integrated members (for example, when the burner A moves along the arrow 
al, the burner B moves along an arrow bl, the burner C along an arrow cl, 

20 and the burner D along an arrow dl). Thus, they move with a pattern similar 
to that of the burner A. In other words, their reversing positions of the recip- 
rocating movement first shift in the forward direction by 200 mm and then 
shift in the backward direction by 200 mm to return to the original positions. 
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[0028] In the case of the burner A, a series of movements as shown by the 
arrows al to a40 in Fig. 2(a) represents one set. The set is performed once or 
repeated at least twice to produce a glass-particle-deposited body. After the 
set is performed once or repeated at least twice, the glass-particle-deposited 
5 body 2 has a nearly uniform diameter within the range of the positions qO to tO, 
as shown in Fig. 2(a). The range of the positions pO to plO and the range of 
the positions tO to tlO are the unsteady portions. The range of the positions 
qO to slO is the steady portion. The reversing positions of the burners are 
distributed over the entire glass-particle-deposited body 2. 

10 [0029] In the first embodiment, the deposition condition is altered at least 
twice during the course of the deposition process such that the interval be- 
tween adjacent burner positions among the burner positions at which the 
deposition condition is altered is shorter than the interval between adjacent 
burners. More specifically, as the production of the glass-particle-deposited 

15 body 2 proceeds, the deposition condition (in this case, the flow rate of the 
combustible gas) is altered every time the burner row is positioned at the re- 
versing position. Figure 2(b) is a graph in which the horizontal axis repre- 
sents time and the vertical axis represents the flow rate of the combustible gas 
to be fed to the burner. The solid line shows an example of the pattern of the 

20 alteration of the flow rate of the combustible gas in the first embodiment, and 
the broken line shows that in a prior art. The horizontal axis in Fig. 2(b) cor- 
responds to the horizontal axis in Fig. 2(a). For example, an arrow "an" in 
Fig. 2(a) corresponds to the n-th horizontal portion from the left in the solid 
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line, g2. In other words, the horizontal portion in the solid line g2 shows the 
period in which the burner is moving. During this period, the flow rate of the 
combustible gas is not altered practically. The length of the vertical portion 
in the solid line g2 shows the increment in the flow rate of the combustible gas 
5 when the burner's movement is reversed. 

[0030] In the first embodiment, the flow rate of the combustible gas is in- 
creased in small amounts in the shape of a staircase every time the burner's 
movement is reversed. The positions of the burner at the time of the revers- 
ing of the burner movement in relation to the starting member 1 or the 

10 glass-particle-deposited body 2 are shown as the positions pO to tlO in the dia- 
gram under the heading of "First embodiment" at the right-hand side of Fig. 
2(a). These positions illustrate that the flow rate of the combustible gas is 
altered in small amounts at a multitude of distributed positions separated at 
intervals of 20 mm above the starting member 1. 

15 [0031] On the other hand, in the prior art, as shown in the broken line, gl, 
in Fig. 2(b), the alteration of the deposition condition is performed by one op- 
eration at the end of one set of the reciprocating movement of the burner row, 
i.e., when the burner row returns to the original position. Therefore, the 
amount of the alteration of the deposition condition performed at a time must 

20 be larger than that in the first embodiment. 

[0032] Furthermore, in the prior art, the positions of the burners at the 
time when the alteration of the deposition condition is performed are always 
the same in relation to the starting member 1. In this case, the positions of 
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the burners in relation to the starting member 1 are shown as "Prior art" in 
Fig. 2(a). In the prior art, the alteration of the deposition condition is per- 
formed only when the burners are positioned at the positions pO, qO, rO, sO, 
and tO. Consequently, the influence of the alteration of the deposition condr 
5 tion concentrates at the individual positions at which the deposition condition 
has been altered. As a result, variations in the diameter and optical property 
of the glass-particle-deposited body 2 tend to increase at these positions. 
[0033] In addition, in the prior art, the alteration of the deposition condi- 
tion is performed when the burner comes to the boundary portions between 

10 the steady portion and unsteady portion of the glass-particle-deposited body 2, 
i.e., the position plO (position qO) and the position slO (position tO) in Fig. 2(a). 
The boundary portion between the steady portion and unsteady portion is a 
starting point of the tapered shape of the unsteady portion and is inherently 
subject to diameter variation. Consequently, if the alteration of the deposi- 

15 tion condition is performed at this portion, the diameter variation tends to 
spread toward the steady portion, shortening the uniform-diameter portion. 
As a result, the product yield is decreased, and accordingly the productivity is 
reduced. On the other hand, the first embodiment does not concentrate the 
alteration of the deposition condition at the time the burner is positioned at 

20 the boundary portion between the steady portion and unsteady portion. As a 
result, the diameter variation can be suppressed from spreading toward the 
steady portion. Finally, the product yield can be improved. 

[0034] As shown by the solid line g2 in Fig. 2(b), the number of times the 
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alteration of the deposition condition is performed is increased, and accord- 
ingly the amount of the alteration of the deposition condition performed at a 
time is decreased. This procedure enables the reduction in the influence of 
the alteration of the deposition condition performed at a time. Furthermore, 
5 the alteration of the deposition condition is performed every time the recipro- 
cating movement of the burner row is reversed. This procedure can distribute 
over the glass-particle-deposited body 2 the influence of the variation in the 
glass-particle deposition due to the condition alteration. As a result, it is pos- 
sible to obtain the glass-particle-deposited body 2 having a small diameter 

10 variation as a whole. 

[0035] In addition, in the multiburner OVD method, it is possible to sup- 
press the diameter variation generated by the concentration of the influence of 
the alteration of the deposition condition at the boundary portion between the 
steady portion and unsteady portion. Consequently, the length of the unr 

15 form-diameter portion can be increased. As a result, the product yield can be 
improved when, for example, the glass-particle-deposited body 2 is used as an 
optical fiber preform or its intermediate product is formed by producing a glass 
component. 

[0036] In the first embodiment, the deposition condition is altered every 
20 time the burner's movement is reversed. Nevertheless, in the method of pro- 
ducing a glass-particle-deposited body of the present invention, provided that 
the interval between burner positions at the time of the alteration of the depo- 
sition condition is distributed over the starting member at an interval shorter 
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than the interval between burners, the number of times the alteration of the 
deposition condition is performed may be fewer than the number of times the 
burner turns around. In addition, the distance at which the reversing posi- 
tion of the reciprocating movement of the burner row is shifted is not limited 
5 to 2 cm. It may be modified as appropriate. For example, it may be in- 
creased within the range that permits the production of the 
glass-particle-deposited body with a desired quality. 

[0037] If the interference of the flame occurs between adjacent burners, the 
state of the deposition of the glass particles becomes unstable. Therefore, it is 

10 desirable that the interval between burners be at least 100 mm or so. Ac- 
cordingly, it is desirable that the burner positions at the time of the alteration 
of the deposition condition be distributed over the starting member at inter- 
vals shorter than 100 mm, more desirably at most 60 mm, particularly desira- 
bly at most 25 mm. It is desirable that the interval be narrow. 

15 [0038] It is sufficiently possible to perform the alteration of the deposition 
condition by distributing the burner positions at the time of the alteration of 
the deposition condition over the starting member at intervals of 20 mm (this 
interval is shown, for example, as the interval between the positions pn and 
pn+1 in the diagram of the first embodiment at the right-hand side of Fig. 

20 2(a)). In view of the accuracy of the controlling device, it is possible to employ 
a value of 10 or 5 mm as the interval between burner positions at the time of 
the alteration of the deposition condition (this interval is referred to as the dis- 
tributed intervaD- Based on the above consideration, it is possible to properly 
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determine the distributed interval according to the capability of the equipment 
for producing the glass-particle-deposited body. 

[0039] In the first embodiment, as the alteration of the deposition condi- 
tion, the flow rate of the combustible gas is altered. However, the deposition 
5 condition to be altered may be at least one member selected from the group 
consisting of the flow rate of the combustible gas, the flow rate of the combus- 
tion-assisting gas, and the flow rate of the glass material all to be fed to the 
burner. When the flow rate of the combustible gas is altered, it is desirable 
that the amount of the alteration of the deposition condition performed at a 

10 time be at most 2 SLM (the quantity of flow per minute under the standard 
condition), more desirably at most 1 SLM. By reducing the amount of the al- 
teration of the deposition condition performed at a time to the smallest possi- 
ble value, it becomes possible to decrease the diameter variation in the 
glass-particle-deposited body 2. In addition, in the case where the flow rate of 

15 the combustible gas is altered every time the burner row is positioned at the 
reversing position of the reciprocating movement, even when the amount of 
the alteration performed at a time is reduced to a value as small as 0.3 SLM, 
the performing of the alteration 40 times enables an alteration of 12 SLM per 
set. Thus, sufficient alteration of the deposition condition can be performed 

20 for the deposition of glass particles. 
[0040] (Second embodiment) 

A second embodiment is an example in which a glass-particle depo- 
sition method of the present invention is applied to "the condition-adjusting 
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method" of the divisionally synthesizing OVD method. In this case, each of 
the multiple burners moves reciprocatively relative to the starting member 
between two specific positions predetermined to each of the burners with re- 
spect to the starting member. The alteration of the deposition condition is 
5 performed by distributing the burner positions at the time of the alteration of 
the deposition condition over the starting member at desired intervals. 
[0041] For example, it is assumed that, as shown in Fig. 1, four burners 
are placed at intervals of 200 mm to constitute a burner row, and the burner 
row performs a simple reciprocating movement with a forward movement of 

10 200 mm and a backward movement of 200 mm. When the alteration of the 
deposition condition is performed at the time the burner comes to positions 0, 
20, 40, 180, and 200 mm from one end of the reciprocating movement both 
for the forward and backward movements, the positions at which the altera- 
tion of the deposition condition is performed can be distributed over the start- 

15 ing member at the same intervals as those in the first embodiment. In the 
condition- adjusting method also, not all burners are positioned at the un- 
steady portion. Consequently, when the present invention is applied, it is 
possible to produce a glass-particle-deposited body having a small diameter 
variation due to the alteration of the deposition condition and excellent optical 

20 properties. 

[0042] (Examples of modification of the first and second embodiments) 

In the divisionally synthesizing OVD method, it is possible to em- 
ploy a method in which the deposition condition is altered on the basis of time. 
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When time is used as the basis, the alteration of the deposition condition is 
easy performed without regard to the method of reciprocating movement such 
as whether the reversing position of the reciprocating movement is distributed 
or not. In addition, by further shortening the interval between alterations of 
5 the deposition condition, it becomes possible to distribute the burner positions 
at the time of the increase in the flow rate of the combustible gas over the 
starting member at further shortened intervals. It is also possible to further 
decrease the amount of the alteration of the deposition condition performed at 
a time. Furthermore, it is possible to implement a control method that does 

10 not concentrate the alteration of the deposition condition at specific positions 
on the starting member. For example, in the case of "the condition-adjusting 
method," when a speed of 200 mm/min is employed for the reciprocating 
movement, by performing the alteration of the deposition condition at inter- 
vals of six seconds, i.e., six seconds later, 12 seconds later, and so on from one 

15 end of the reciprocating movement, the burner positions at the time of the al- 
teration of the deposition condition can be distributed at intervals of 20 mm. 
[0043] The method of altering the deposition condition on the basis of time 
can control the pattern of the alteration of the deposition condition independ- 
ently of the pattern of the shifting of the reversing position of the relative re- 

20 ciprocating movement. Consequently, even when a situation occurs in which 
the optimum shifting pattern of the reversing position for suppressing the di- 
ameter variation specific to the reversing position is different from the opti- 
mum controlling pattern of the deposition condition for suppressing the di- 
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ameter variation due to the alteration of the deposition condition, both can be 

controlled optimally. 

[0044] (Third embodiment) 

A third embodiment is an example in which a method of producing 
5 a glass-particle-deposited body of the present invention is applied to "the mul- 
tiburner OVD method." Figures 3(a) and 3(b) are conceptual diagrams show- 
ing the third embodiment of a method of producing a glass-particle-deposited 
body of the present invention. Figure 3(a) shows a moving pattern of the 
burner and the number of glass-particle layers at individual positions of the 

10 glass-particle-deposited body, and Fig. 3(b) shows the alteration of the deposi- 
tion condition. In a concrete example of the third embodiment, three burners 
A to C are placed at intervals of 100 mm to constitute a burner row. The al- 
teration of the deposition condition is performed when the burner A is posi- 
tioned at each of the positions pO to p 18 to distribute the alteration. In addi- 

15 tion, the amount of the alteration performed at a time is set to be small. 

[0045] An explanation is given below by citing an example in which the al- 
teration of the deposition condition is represented by the increase in the flow 
rate of the combustible gas to be fed to the burner. Figure 3(b) is a graph in 
which the horizontal axis represents the position of the burner A and the ver- 

20 tical axis represents the flow rate of the combustible gas to be fed to the burner. 
The solid line shows a pattern of the alteration of the flow rate of the combus- 
tible gas in the third embodiment, and the broken line shows that in a prior 
art. 
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[0046] In the third embodiment, the burner A starts its movement from the 
position pO, which is located at a one-end side of the starting member, toward 
the other end of the starting member. The flow rate of the combustible gas is 
held constant at X0 from the position pO to the position pi and is increased to 
5 XI at the position pi. Similarly, it is held constant at XI from the position pi 
to the position p2 and is increased to X2 at the position p2. The foregoing 
variation in the flow rate of the combustible gas is repeated until the burner A 
travels to the reversing position pl8. After the flow rate of the combustible 
gas is increased to X18 at the position pl8, the burner A turns around to move 

10 leftward in Fig. 3(b). As with the forward movement, the burner movement 
and the increase in the flow rate of the combustible gas are performed repeat- 
edly until the burner A returns to the position pO. The other burners B and C 
also have the same moving pattern in relation to the starting member and the 
same increasing pattern of the flow rate of the combustible gas as those of the 

15 burner A, although their starting position in relation to the starting member is 
different. 

[0047] On the other hand, in the prior art, the flow rate of the combustible 
gas is held constant at X0 from the initial position qO in Fig. 5 to the position 
q9, which is the other end of the range of the burner movement. When the 
20 burner arrives at the position q9, the flow rate is increased to X18. Subse- 
quently, the flow rate of the combustible gas is held constant at X18 from the 
position q9 to the position qO. When the burner arrives at the position qO, the 
flow rate is increased to X36. 
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[0048] Figure 3(b) shows the case in which the flow rate of the combustible 
gas is increased on the basis of the burner position in relation to the starting 
member. Such an alteration pattern of the deposition condition can also be 
achieved by altering the deposition condition nearly every fixed time, as in the 
5 modified examples of the first and second embodiments. Whichever of the 
position or the time is used as the basis, the burner position at the time of the 
alteration of the deposition condition can be distributed over the entire 
glass-particle-deposited body. 

[0049] In the case where the same amount of increase in the flow rate of 
10 the combustible gas to be fed to the burner is employed for one reciprocation of 
the burner, whereas the prior art needs to perform a large amount of increase 
in the flow rate of the combustible gas when the burner is positioned at qO and 
q9, the third embodiment distributes the burner position at the time of the al- 
teration of the deposition condition over the entire glass-particle-deposited 
15 body and consequently can decrease the amount of variation in the flow rate of 
the combustible gas performed at a time. As a result, the third embodiment 
can prevent the influence of the alteration of the deposition condition from 
concentrating at specific positions to decrease the diameter variation and 
other imperfections. Finally, it can secure a broad range of the steady portion 
20 to improve the product yield. 

[0050] The reason why the third embodiment enables the alteration of the 
deposition condition that has been stated to be undesirable in the 
above-described Tokukai 2000-44276 is attributable to the following causes. 
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In the third embodiment, even when the deposition condition (for example, the 
flow rate of the combustible gas to the burner) is altered in the steady portion 
of the glass-particle-deposited body, the burner positions at the time of the al- 
teration of the deposition condition are distributed over the entire 
5 glass-particle-deposited body at short intervals. This distribution suppresses 
the local variations in the bulk density distribution of the 
glass-particle-deposited body, the actually deposited quantity of the glass par- 
ticles, and the like. Consequently, in a degassing step to be carried out in the 
consolidation process, there exists no local variation in the degassed state. As 
10 a result, a consolidated glass body free from remaining gas bubbles can be ob- 
tained. 

[005 1] (Fourth embodiment) 

In a fourth embodiment, speed reduction sections are provided at 
positions other than the turning points in the reciprocating movement. Then, 

15 the alteration of the deposition condition is performed when the burner is po- 
sitioned in the speed reduction section. Figure 4 is a conceptual diagram 
showing the fourth embodiment of a method of producing a 
glass-particle-deposited body of the present invention. In a concrete example 
of the fourth embodiment, three burners A to C are placed at intervals of 200 

20 mm to constitute a burner row. The burner row moves reciprocatively along 
the length of the starting member with an amplitude of 200 mm. At the same 
time, glass particles are blown to the rotating starting member to produce a 
glass-particle-deposited body. During this operation, while the burner is 
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moving, the moving speed is reduced temporarily to alter the deposition condi- 
tion in the speed reduction section. In Fig. 4, the horizontal axis represents 
the position of the burner and the vertical axis represents the moving speed. 
In Fig. 4, the distance between the positions pO and p20 is 200 mm and the 
5 distance between the positions pn and pn+1 is 10 mm. 

[0052] When attention is focused on the burner A, in the first reciprocation, 
it moves the first 10 mm (position pO to pi) at a speed of 50 mm/min, acceler- 
ates to 800 mm/min during the next 10 mm (position pi to p2), and subse- 
quently moves to the reversing position p20 at 800 mm/min. Then, it returns 

10 to the original position pO at a speed of 800 mm/min without reducing the 
speed. In the second reciprocation, it starts moving at a speed of 800 mm/min 
from the original position pO, decelerates to 50 mm/min while moving 10 mm 
(position pO to pi), moves the next 10 mm (position pi to p2) at a speed of 50 
mm/min, increases the speed from 50 mm/min to 800 mm/min while moving 

15 the next 10 mm (position p2 to p3), and subsequently moves to the reversing 
position at a speed of 800 mm/min. Then, it moves at a speed of 800 mm/min 
to return to the original position pO. 

[0053] As described above, the moving speed of the burner A is set at 50 
mm/min for the predetermined range (low-speed-moving range) of 10 mm. 
20 The burner is moved at 800 mm/min in the ranges outside the additional 10 
mm provided at both sides of the lowspeed-moving range. The 
lowspeed-moving range, in which the burner is moved at 50mm/min, is suc- 
cessively moved every time the burner performs one reciprocating movement 
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in relation to the starting member. The low-speed-moving range lies between 
the positions pO and pi at the first reciprocation, between the positions pi and 
p2 at the second reciprocation, and between the positions pl9 and p20 at the 
20th reciprocation. According to this method, the range in which the burner 
5 moves at low speed moves over the entire starting member in 20 reciprocations, 
which constitute one unit. 

[0054] In the conventional divisionally synthesizing OVD method, the 
temperature at the deposition surface becomes high at the reversing position 
of the reciprocating movement. On the other hand, in the fourth embodiment, 

10 the temperature at the deposition surface becomes higher in the 
low-speed-moving range than at the reversing position of the reciprocating 
movement. Because the low-speed-moving range is distributed nearly uni- 
formly over the entire glass-particle-deposited body, the influence of the tem- 
perature rise generated at the reversing position of the reciprocating move* 

15 ment of the burner becomes slight. Therefore, it is possible to suppress the 
diameter variation specific to the reversing position. 

[0055] Furthermore, the condition for synthesizing the glass particles is 
altered every time the burner passes the low-speed-moving range. For exam- 
ple, because the amount of the alteration of the glass material at a time is set 
20 to be small, it is possible to produce a glass-particle-deposited body having a 
small diameter variation and excellent quality. 

[0056] In this method of reciprocating movement also, either the burner or 
the starting member may be moved reciprocatively in the relative movement. 
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In addition, the low-speed-moving range may be provided in the backward 
movement in place of the forward movement. Furthermore, a plurality of 
low-speed-moving ranges may be provided in one reciprocating movement. 
The speed of the reciprocating movement may also be predetermined as ap- 
5 propriate. In performing the deposition of glass particles on the starting 
member while the burner is conducting the relative reciprocating movement, 
the spacing between low-speed-moving ranges, the number of times that the 
low-speed-moving range appears, and the speed of the reciprocating movement 
may be adjusted on an as-needed basis so that the temperature at the deposi- 

10 tion surface can become higher in the range in which the burner moves at low 
speed than at the reversing position of the reciprocating movement. 
[0057] In the above-described method of reciprocating movement, the 
burner position in relation to the starting member at the time of the alteration 
of the deposition condition may also be based on time in place of the 

15 low-speed-moving range. The fourth embodiment distributes the burner po- 
sition at the time of the increase in the amount of the combustible gas over the 
entire glass-particle-deposited body at intervals of 10 mm and consequently 
achieves the decrease in the amount of the increase in the combustible gas 
performed at a time. As a result, the influence of the alteration of the deposi- 

20 tion condition can be prevented from concentrating at specific positions on the 
glass-particle-deposited body. Finally, the fourth embodiment can produce a 
glass-particle-deposited body having a small diameter variation and high 
quality. 
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[0058] In any of the embodiments, it is also desirable that the alteration of 
the deposition condition of the present invention be performed by predeter- 
mining both the burner position at the time of the alteration of the condition 
and the number of times that the condition is altered so that the amount of 
5 variation for each alteration of the condition can become equal to or less than 
the specified amount and by carrying out the alteration of the condition ac- 
cording to the predetermined results. In addition, the alteration of the depo- 
sition condition of the present invention may be performed either concurrently 
on a plurality of burners or individually on each of the burners when the al- 
10 teration regards relation to the glass particles, glass material, combustible gas, 
combustion-assisting gas, and inert gas all to be fed to the burner, the distance 
between the starting member and the burner, or the position upon which the 
glass particles ejected from the burner impinge on the starting member. 



15 Example 1 

[0059] The moving pattern of the burner is the same as that in the con- 
crete example of the fourth embodiment. The flow rate of the combustible gas 
to be fed to the burner is increased by 0.15 SLM every time the burner passes 
the low-speed-moving range. The burner position when the flow rate of the 
20 combustible gas is increased is distributed along the length of the 
glass-particle-deposited body at intervals of 10 mm. The reciprocating move- 
ment of the burner is performed 600 times. The obtained 
glass-particle-deposited body has a length of the steady portion of 430 mm and 
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a diameter of 180 ± 1.5 mm. The glass-particle-deposited body has a good 
shape at the tapered portion at both ends without showing deformation. 
[0060] In Example 1, the lowspeed-moving range is uniformly distributed 
along the length of the glass-particle-deposited body. Because the moving 
5 speed of the burner at the outside of the low-speed-moving range is 800 
mm/min, the number of glass-particle-deposited layers and the average mov- 
ing speed of the burner are the same at any positions on the steady portion of 
the glass-particle-deposited body in every 20 reciprocations of the burner. In 
Example 1, because the reciprocating movement of the burner is performed 

10 600 times, the 20 reciprocations of the burner is performed 30 times. Conse- 
quently, even throughout the entire process from the start of the production of 
the glass-particle-deposited body to the end, the number of 
glass-particle-deposited layers and the average moving speed of the burner are 
the same at any positions on the steady portion of the glass-particle-deposited 

15 body. 

[0061] It is desirable that the average moving speed of the burner be prac- 
tically the same at all positions of the steady portion of the starting member or 
the glass-particle-deposited body, most desirably the same. Nevertheless, a 
slight variation may be permitted provided that the variation does not cause a 
20 large variation in the diameter of the steady portion of the 
glass-particle-deposited body. 

[0062] As described above, the employing of the method of the present in- 
vention enables the production of a glass-particle-deposited body whose steady 
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portion has a small diameter variation and a long length. 
[0063] (Comparative example l) 

A porous glass-particle-deposited body is produced with the same 
moving pattern of the burner as that in Example 1. However, the alteration 
5 of the flow rate of the combustible gas is performed by increasing it by 0.075 
SLM every time the burner reverses its movement. The reciprocating move- 
ment of the burner is performed 600 times. The obtained 
glass-particle-deposited body has a length of 700 mm, in which the steady por- 
tion has a length of 400 mm. The average value of the diameter of the steady 

10 portion is 180 mm. The diameter at the reversing position of the burner on 
the steady portion is smaller than the average value by 6 mm. This position 
is the position at which one of the burners used is positioned when the flow 
rate of the combustible gas is increased. The unsteady portion at both ends 
shows partial deformation. 

15 [0064] (Comparative example 2) 

A glass-particle -deposited body is produced with the same moving 
pattern of the burner as that in Example 1. However, the flow rate of the 
combustible gas is altered by 3 SLM at the reversing position of the burner 
every time the burner performs 20 reciprocations. The reciprocating move- 

20 ment of the burner is performed 600 times. The obtained 
glass-particle-deposited body has nearly the same size as that in Comparative 
example 1. The diameter at the reversing position of the burner on the 
steady portion of the glass-particle-deposited body is smaller than the average 
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value of the diameter of the steady portion by 10 mm. The deformation at the 
unsteady portion at both ends becomes greater than that in the case of Com- 
parative example 1. The length of the uniform-diameter portion of the 
glass-particle-deposited body is 350 mm. In other words, Comparative exam- 
5 pie 2 has a lower product yield than that of Comparative example 1. 

Industrial Applicability 

[0066] The present invention enables the production of a 

glass-particle-deposited body that has a small diameter variation along its 
10 length and a long steady portion. Having such features, the body is suitable 
as an optical fiber preform and its intermediate product. 



